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ABSTRACT 
 
 
 
 
Aluminium sulphate (alum) is a solution added to the water to coagulate solids particles 
in the water. It is to make sure water that sent for domestic use is free of solids particles. 
This process is called coagulation process. Aluminium sulphate (alum) that coagulated 
with solids particles forming alum sludge. Alum sludge settles in the bottom of water 
treatment plant together with the solid particles. 
 
The significant of this study is to recover aluminium sulphate (alum) from alum sludge. 
Acidification process applied to alum sludge to recover aluminium sulphate (alum). 
Acidification using sulphuric acid will separate particulate solids and aluminium 
sulphate(alum). Aluminium sulphate (alum) will be recovered in aqueous solution, while 
particulate solids will remain in solid form. The research also done to obtain the optimum 
pH for acidification to obtain the best volume recovered of aluminium sulphate (alum).  
 
There are some other factors to recover aluminium sulphate (alum) at the optimum point 
that it has to do with stirring speeds and centrifugation time. These factors will give 
effects to the precipitation period, aluminium sulphate (alum) recovery and the 
percentage of aluminium recovery efficiency.  
 
From the experiments, the best volume recovered is at 2.5 of pH values, 100 rpm stirring 
speeds and 40 minutes centrifugation time. The result shows 89.2 ml recovered from 100 
ml sample of aqueous aluminium sulphate, 16 hours precipitation period, 1.29 mg/L Al3+ 
recovery in the solution which brings to 39.7% efficiency of recovery.      
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ABSTRAK 
 
 
 
 
Aluminium sulfat (alum) adalah larutan yang dicampurkan ke dalam air untuk 
memendapkan pepejal yang terampai di dalam air. Ianya untuk memastikan air yang 
disalurkan kepada pengguna adalah bebas daripada pepejal terampai. Proses ini dipanggil 
process pengentalan/koagulasi. Aluminium Sulfat (alum) yang bertindak balas dengan 
pepejal terampai tersebut setelah termendap dipanggil lumpur alum. Lumpur alum ini 
termendap di bahagian bawah loji rawatan air bersama dengan pepejal terampai. 
 
 Kepentingan kajian ini adalah untuk mendapatkan kembali aluminium sulfat (alum) dari 
lumpur alum tersebut. Proses pengasidan digunakan untuk mendapatkan kembali 
aluminium sulfat (alum). Asid sulfuric digunakan untuk memisahkan aluminium sulfat 
(alum) dan pepejal yang terampai. Aluminium sulfat (alum)  didapati dalam larutan akues 
manakala pepejal terampai kekal dalam fasa pepejal. Kajian ini juga dijalankan untuk 
memutuskan nilai pH yang paling optimum untuk mendapatkan kembali aluminium 
sulfat (alum) dalam isipadu yang paling banyak.  
 
Faktor-faktor lain yang menyumbang kepada keadaan optimum bagi mendapatkan 
kembali aluminium adalah kelajuan pengadukkan dan masa pemendakan. Faktor-faktor 
ini memberi kesan terhadap tempoh pemendapan, dan isipadu aluminium sulfat yang 
didapati dan peratus aluminium sulfat dalam larutan akues tersebut.  
 
Daripada eksperiemen, isipadu yang paling banyak didapati pada nilai pH 2.5, 100 rpm 
kelajuan pengadukkan dan 40 minit masa pemendakkan. Keputusan menunjukkan 89.2 
ml daripada 100 ml sample adalah larutan akues aluminium sulfat, dalam tempoh 
pemendapan 16 jam dan isipadu aluminium tulen adalah 1.29 mg/L Al3+  dan peratus 
aluminium yang didapati adalah 39.7%.       
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CHAPTER 1 
 
 
 
 
 INTRODUCTION 
 
 
 
 
1.1 INTRODUCTION 
 
 
Coagulation is critical process in drinking water treatment involving colloid 
charge neutralization followed by aggregation into flocs that are amenable to solid/liquid 
separation with subsequent processes such as acidification and filtration. The most 
coagulant used in water treatment is alum Al2(SO4)314-H2O, due to its effectiveness in 
treating a wide range of water type and relatively low cost. 
 
 
Alum function as a coagulant by forming positively charged Al species that 
adsorb to negatively charged natural particles resulting in charge neutralization. These 
species are thought to be primarily monomeric, short lived and quick to precipitate to 
amorphous aluminium hydroxide, Al(OH)3(s).  in most cases, the aluminium hydroxide 
sols are formed so rapidly (1-2s) that these amorphous solid species are responsible for 
the charge of neutralization of natural particles. Within the coagulation pH range of 6.0 
to 7.5 that is typical in water treatment processes, these aluminium hydroxide sols are 
usually present in significant excess relative to natural particles. [Ronald Hart, 2003] 
 
 
Water treatments in Malaysia basically use alum as a coagulant. Alum is 
effectively works in preserving clarity in water. Also in economy alum is much cheaper 
than other coagulation supernatant or membrane technology which used in Singapore. 
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The chemical bond in alum can treat supernatant in chemical form better than 
membrane which filter all the nutritious and mineral salt that human need in drinking 
water. So the water become over treated that result in malnutrition form which gives 
problems to human health. That is why alum is the common use of coagulant in some 
developed country. 
 
 
Two very different approached for coagulant recovery in a related objectives. 
First approached is considering acid or alkaline condition as a sludge conditioning 
technique with improved thickening, dewatering and waste sludge reduction as major 
objectives. This approached is referred to as a sludge conditioning, although it is 
frequently described as coagulant recovery and reused of a aluminium contained in the 
sludge suspensions, with the objective of minimizing expenditure of commercial 
coagulant recovery. [AWWA, Research Foundation, 1993] 
 
 
 
 
1.2 Problems Statements  
 
 
Removing suspended particles in water treatment plant is crucial. So, the purpose 
of alum is beneficially used to remove colloid particles. Without any recovery alum will 
settle down beneath the lagoon together with sludge. Some water plant discharged alum 
as waste water that finally will bring pollution to environment. A review of types and 
volumes of wastewater discharged from water treatment plants in Malaysia would no 
doubt prove that alum-waste quantities are greatest.  
 
 
Problem persists when ion hydroxide in the sludge will form aluminium 
hydroxide with alum that is usually permeable to filtration. Aluminium hydroxide 
gelatinous in nature and will remain in its semi-fluid state indefinitely unless something 
is done to change its physical characteristic. Although hydroxide sludge does settle 
down, it is almost impossible to dewater without prior treatment. [Fulton, 1974 
 
 3
 
The problem will become more serious if alum flooded in waste water tank as 
there will be no other place to dump alum-waste. So, in preventing environment 
pollution which will possibly bring diseases, alum has to be recycled and use again in 
water treatment plant. This measure not only can prevent pollution but can bear much 
cheaper alum in market. Alum recovery gives two benefits in one related sense. 
 
 
 
 
1.3 Objectives 
 
 
 The main objective of this study is to recover aluminium sulphate (alum) from 
alum sludge using acidification process. In order to achieve this objective, there lies 
partitions of objectives which are to study the effect of acidification using different pH 
values, to study the effect of stirring speeds and to study the effect of centrifugation 
time. It will lead to the optimum conditions of aluminium sulphate recovery by 
acidification process.  
 
 
 
 
1.4 Scopes  
 
 
The scopes of this study is to make an experiments to determine the effect of 
aluminium recovery using different pH values for acidification process, different speeds 
of stirring and different centrifugation times. These experiments then will give the 
effects to the volume of aluminium sulphate (alum) aquoeus recovered, precipitation 
periods of particulate solids and the volume of aluminium pure recovered and the 
percentage of aluminium sulphate recovery. The best condition of aluminium sulphate 
(alum) recovery will be determined using these effects.    
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CHAPTER 2 
 
 
 
 
 LITERATURE  REVIEW 
 
 
 
 
2.1 Water Treatment Plant 
 
 
People all over the world use water in every day life. It is proven that human 
being cannot last for more than 24 hours drinking. People also consume water in other 
cleansing activity. The water that people consume must be clean visibly or invisibly to 
prevent any disease due to water contamination. So, government develops water 
treatment plant to ensure people use water that clean from any contamination. It is 
essential that the supply of water for human consumption should be free from unpleasant 
or harmful impurity and for this reason is subjected to various method of treatment to 
render it fits for use, either before or after distribution to domestic or trade users. 
 
 
A typical conventional water treatment process involves separation of solid from 
liquid in six major steps: 
 
 
2.1.1. Coagulation/ flocculation  
 
 
Coagulation of waters to aid their clarification has been practiced since ancient 
times (Baker, 1981). The common coagulant used is alum and iron salt with alum being 
most extensively used agent. When neutral alum added in the water, the bicarbonates 
present setting free hydrated aluminium hydroxide which carries down organics. 
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2.1.2. Sedimentation 
 
 
Sedimentation is the physical separation of suspended material from water by the 
action of gravity. It is a common operation for water treatment and found in most water 
treatment plant. It is much cheaper than many other treatment operations. 
 
 
 
 
2.1.3. Filtration 
 
 
Significant removal of bacteria and other microbes also occurs in filtration 
(Craun, 1988). Filtration is the bulwark of water treatment. Filtration is the operation of 
removing colloid particles in water using filters. The application of water treatment is 
preliminary treatment of raw water with high suspended solids content. Filters with very 
coarse media, known as roughing filters are used. 
 
 
 
 
2.1.4. pH adjustment 
 
 
The operation held to stabilize the pH value suitable to consumer. Normally the suitable 
pH value for domestic use is pH values of 7. So, pH adjustment is used to justify the pH 
values of water from the river to the required pH value using organic solutions of salt to 
stabilize the pH value of the water according to the present pH of water. The common 
use of solution is potassium carbonate or sodium carbonate in a very small amount to 
avoid effecting the water.  
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2.1.5. Fluoridation 
 
 
The used of fluorine in the water for dental purpose. Through this process, 
fluorine is added in a particular measurement to strengthen teeth. Fluorine can prevent 
dental disease in small amount of measurements about 1 ppm, whilst fluorine treated 
with higher concentration (above 5 ppm) may produce mottled enamel, and lower 
concentration of fluorine (below 0.2 ppm) increase the accident in dental caries. 
 
 
 
 
2.1.6. Disinfection 
 
 
Disinfection is the process of vanishing the pathogenic microorganism in water. 
It is the protection measure of the public health from waterborne disease transmitted 
through water without disinfecting measure.  
 
 
 
 
2.2 Coagulation Process  
 
 
Coagulation and flocculation are used in both water and wastewater treatment 
processes. In water treatment it is usually cost effective to apply coagulation and 
flocculation to remove colloidal and small particles that settle slowly. Coagulation-
flocculation can also be applied to enhance the removal of solid in highly concentrated 
natural waters that contain significant amounts of settleable solids. Commonly, 
presedimetation without coagulant addition or a roughing filter is used to remove high 
concentrations of settleable solids before coagulation-flocculation-sedimentation. 
[Ronald L. Droste, 2003] 
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The ability of an agent to coagulate water is related to its charge. The size of 
synthetic polymers is also a factor. There is more than order of magnitude increase in the 
effectiveness of an ion as its charge increases by one. This is a statement of the Schultze-
Hardy rule based on the work of these two researchers in 1882 and 1900, respectively. 
 
 
The most common coagulants are alum (aluminium sulphate) and alum being 
most extensively used agent. The multivalent characteristic of these cations strongly 
attracts them to charged colloidal particles and their relative insolubility ensures their 
removal to high degree. 
[Ronald L. Droste, 2003] 
 
 
 
 
2.3 Acidification Process  
 
 
Alum and iron salts can be recovered from the sludge by adding acid. If sulfuric 
acid is used, the reaction is as stated below; 
 
 
  Me(OH)x + xH+ + x/2SO42- Æ Me(SO4)x/2 + xH2O 
 
 
Other metals will be solubilized along with the coagulant metals that should 
again be precipitated along with the coagulant. The increased rate associated with acid 
coagulant recovery has decreased the frequency of this practice. Careful monitoring is 
required to ensure that product water does not exhibit elevated metals concentrations 
when coagulant recovery and reused practiced. [Ronald L. Droste, 2003] 
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Volume/solid reduction and coagulant recovery for sludge generated from 
drinking water treatment have been investigated in the past by acidification of sludge  
through addition of bases. Other than volme/solid reduction and coagulant recovery, 
acidification of sludge also enhanced the dewatering efficiency and settling velocity of 
sludge. If the Al(OH)3 precipitates were dominant species inside sludge floc, the solid 
reduction such as reduction of suspended solid (SS), can be expressed as the dissolution 
of coagulants after acid or based addition according this equation of reaction; 
 
 
  2Al(OH)3 + 3H2SO4 ÅÆ Al2(SO4)3 + 6H2O(l) 
  Al(OH)3 + NaOH ÅÆ Al(OH)4 + Na(2)    [Peter Chen, 2003] 
 
 
 
 
2.4 Acidification and Alkalization of Sludge 
 
 
Coagulation process held in water treatment sludge to remove suspended solids, 
color and organic materials that finally forms as a large portion of sludge. After water 
flowed to the consumers, of the clean water and the treatment period has been done. The 
sludge in the water treatment plant disposed after dewatering process done. This sludge 
forms melted cake like forms called sludge cake. With the composition of aluminium 
hydroxide, Al(OH)3 in the sludge, the sludge is melted as it is not hardened due to 
drying of sunrays. So, the sludge remains melted for a quite of some period. As the 
landfill for disposing this sludge become limited, we need a method to recover alum 
contained in sludge to make the sludge disposable for preventing environment pollution.  
 
 
Volume or solid reduction and coagulant recovery for sludge generated after 
drinking water has been served to the customers had been done by many researchers 
before. It uses the process of acidification of sludge through addition of sulfuric acids 
and alkalization through addition of bases. 
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 If   Al(OH)3  precipitates were dominant species inside the sludge floc, the solid 
reduction reduction of suspended solids can be expressed as the dissolution of 
coagulants after acid or base addition according to following equations:  
 
 
2Al(OH)3 + 3H2SO4 ÅÆ Al2(SO4)3 + 6H2O(l) 
Al(OH)3 + NaOH ÅÆ Al(OH)4 + Na(2) 
 
 
 
 
 2.5 The Efficiency Determination of Recovery 
 
 
The efficiency of coagulant recovery and solid reduction depended on the pH 
values [Abdo, 1993, Masschelein, 1985]. This has proved that solid reduction is 
proportional to the amount of  aluminium recovery. The efficiency of aluminium Al(III) 
recovery can be calculated as the following formula: 
 
 
Efficiency of Al recovery 
=  [Al3+] in supernatant after acidification  
                    [H] added 
 
 
According to this formula, we calculate the efficiency of  aluminium, Al(III) 
recovered through experiment that we determine the concentration of aluminium 
recovered over acid concentration added during the experiment.  
 
 
From chemical reaction yield, the theoretical value of the efficiency is 0.33 as if 
no other by product exists during the reaction. Theoretical values for sulfuric acid added 
to the sludge will be at pH ranging from 2 to 2.5.  
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In my studies, pH values of 2.3421 are quite close to 0.32512 of efficiency which 
is closed to the theoretical values. For pH values above 3 give the result lower than 0.25 
value of efficiency.  
 
 
In order to get the specific result, some amendment had been done to the 
efficiency formula to gain analytical result. This is due to the cause that sludge tested in  
experiment containing organic materials which might consume H+ through protonation 
reactions. Thus, the formula for calculating efficiency of Al(III) recovery should be 
rewritten as below equation: 
 
 
 
 
Efficiency of Al recovery =                     [Al3+]  
    ______________________ 
 
    [H] Al3+  + [H] org + [H] pH  
 
 
Where [H] Al3+ is the amount of acids used for dissolution of Al(III) while [H+] 
org and [H+] pH are for protonation reactions of organics during acidification process 
and acid needed for reducing  the pH, respectively. When the sludge containing 
relatively small amount of organic materials such as sludges produced from drinking 
water treatment [Cornwell, 1979] or when the amount of acids used for dissolution of 
Al(III) is much greater than that for acid consuming materials other than those needed 
for dissolution of Al(III), a stoichiometry of 0.33 mole Al(III) dissolved or mole H+ 
added can be derived from above equation.  
 
 
This is the same value which has been reported by acidification of sludges 
generated from drinking water treatment plant [Cornwell, 1979].  
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The theoretical value of Al(III) recovery by addition of NaOH, which is 1.0 mole 
Al(III) dissolved/ mole H+ added, can also derive from equation, other than volume/ 
solid reduction and coagulant recovery. 
 
 
The percentage of Al(III) recovery, which is defined as the weight ratio of Al(III) 
in supernatant of treated sludge that in the raw (untreated) sludge after acid digestion as 
indicated. 
 
 
The percentage of Al(III) recovery can be calculated as in the below equation. 
 
 
Al recovery (%)  = Al in supernatant after acidification 
         Al in raw sludge after acid digestion 
 
 
These values, ranging from 5.8 to 66%, increase by decreasing pH for 
acidification and increasing pH for alkalization. This is consistent with others [Prakash, 
2003] and with chemical reactions and 2 shown above, where addition of acids or base 
with push the reactions far right resulting in dissolution of Al(III). 
 
 
The efficiency of Al(III) recovery which is defined as the moles of  Al(III) 
dissolved per mole of H+ or OH added as indicated. Protonation reaction, expressive 
way of efficiency of Al recovery as equation and the value will quite closed to the 
theoretical of 0.33. 
 
 
 [H]Al3+ + [H] org + [H] pH ~ [H] Al3+ = 0.33 
 
 
On the other that, when [H] Al3+H + org + [H+] pH or [H] Al3+ < [H+] org + 
[H+]pH, the values will be less than the theoretical value of 0.33. In the same term we 
can express Al recovery for alkalization sample as [Al3]/ [OH]. 
 
